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Description

The present invention relates to 4,5,6,7-tetrahydro-1,2,3-benzotriazol-1-oxides (hereinafter referred to as
"benzotriazoles”), their production and use, and to the intermediate products derived from 2-phenyl-
hydrazonocyclohexanone oxime and 2-hydroxyphenyl-4,5,8,7-tetrahydro-1,2,3-benzotriazol-1-oxide.

Said benzotriazoles are representable by the formula:

0

v 4
o
X N
Q\N/ (1)

wherein R is a hydrogen atom, a C1-Cs alkoxy group, a C3-Cs alkenyloxy group, a C3-Ca alkynyloxy group,
a C1-Cq alkylthio group, a dichlorocyclopropylmethoxy group or a methyldichlorocyclopropylmethoxy group,
X is a chlorine atom or a bromine atom and Y is a hydrogen atom, a fluorine atom or a chlorine atom.

Said intermediate products are representable by 2-phenylhydrazonocyclohexanone oxime derivatives of

the formula:
Y
§j§:> | -
Rl HO

wherein Ry is a hydrogen atom, a G1-4 alkoxy group or a Cq -4 alkylthiogroup, X and Y are each as defined
above, and by 2-hydroxyphenyl-4,5,6,7-tetrahydro-1,2,3-benzotriazol-1-oxide derivatives of the formula:

0

v 4
.8
X N (III)
AN

HO

wherein X and Y are each as defined above.

It has now been found that the benzotriazoles (I} show a strong herbicidal activity against a wide variety
of weeds including broad-leaved weeds, Graminaceous weeds, Commelinaceous weeds and Cyperaceous
weeds in agricultural plowed fields by foliar or soil treatment and do not produce any material phytotoxicity
on various agricultural crops (i.e. corn, wheat, rice plant, soybean, cotton, sugarbeet). Examples of broad-
leaved weeds which can be controlled or exterminated by the benzotriazoles (I) are wild buckwheat
(Polygonum convolvulus ), pale smartweed (Polygonum lapathifolium ), common purslane (Portulaca
oleracea ), common lambsquarters (Chenopodium album ), redroot pigweed (Amaranthus retroflexus ),
garden radish (Raphanus sativus ), wild mustard (Sinapis arvensis ), shepherdspurse (Capsella bursa-
pastoris ), hemp sesbania (Sesbania exaltata ), sicklepod (Cassia tora ), velvetleaf (Abutilon theophrasti ),
prickly sida (Sida spinosa ), field pansy (Viola arvensis ), ivyleaf morningglory (Ipomoea hederifolia ), tall
morningglory (lpomoea purpurea ), field bindweed (Convolvulus arvensis ), red deadnettle (Lamium
purpureum ), henbit (Lamium amplexicaure ), jimsonweed (Datura stramonium ), black nightshade (Solanum
nigrum ), birdseye speedwell (Veronica persica ), ivyleaf speedwell (Veronica hederaefolia ), heartleaf
cocklebur (Xanthium strumarium ), common sunflower (Helianthus “annuus ), scentless chamomile
(Matricaria inodola ), and corn marigold (Chrysnathemum segetum ). Examples of Graminaceous weeds
against which the benzotriazoles (I) show a herbicidal activity are Japanese millet (Echinochloa frumentacea
), common barnyardgrass (Echinochloa crus-galli ), green foxtail (Setaria viridis ), large crabgrass (Digitaria
sanguinalis ), annual bluegrass (Poa annua ), blackgrass (Alopecurus myosuroides ), common oat (Avena
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sativa ), wild oat (Avena fatua ), Johnsongrass (Sorghum halepense ), and downy brome (Bromus tectorum
). An example of Commelinaceous weeds is asiatic dayflower (Commelina communis ). An example of
Cyperaceous weeds is rice flatsedge (Cyperus iria ). It has also been found that the benzotriazoles (I} can
control or exterminate in paddy fields broad-leaved weeds such as common falsepimpernel (Lindernia
procumbens ), toothcup (Rotala indica ), waterwort (Elatine friandra ), Graminaceous weeds such as
barnyardgrass (Echinochloa oryzicola ), Cyperaceous weeds such as smallflower sedge (Cyperus difformis
), hardstem bulrush (Scirpus juncoides ), slender spikerush (Eleocharis acicularis ), nutsedge (Cyperus
serotinus ) and paddy-field weeds such as pickerelweed (Monochoria vaginalis ), arrowhead (Sagittaria
pygmaea ), and waterpiantain (Alisma canaliculatum ), while exerting no material phytotoxicity to rice plants.
Accordingly, the benzotriazoles (I} can be used as herbicides applicable to agricultural plowed fields as well
as paddy fields with exerting any material chemical injury to soybean and rice plants.

Among the benzotriazoles (l) of the present invention, those wherein R is a C1-Cq alkoxy group, a Cs-Cq
alkenyloxy group or a C3-C4 alkynyloxy group, X is a chlorine atom or a bromine atom and Y is a hydrogen
atom or a fluorine atom are preferred. Particularly preferred are 2-(4-chloro-2-fluoro-5-methoxyphenyl)-
4,5,6,7-tetrahydro-1,2,3-benzotriazol-1-oxide, 2-(4-chloro-2-fluoro-5-propargyloxyphenyl)-4,5,6,7-tetrahydro-
1,2,3-benzotriazol-1-oxide,  2-(4-chloro-2-fluoro-5-allyloxyphenyl)-4,5,6,7-tetrahydro-1,2,3-benzotriazol-1-ox-
ide.

The benzotriazoles (I) of the present invention may be prepared by the following procedures:

Procedure @

The benzotriazole of the formula:

0
Y 1
yd
X N (I-a)
g N\~
Ry

wherein R1 is a hydrogen atom, a C1-Cs 'alkoxy group or a C1-Cs4 alkylthio group and X and Y are each as
defined above is obtainable by subjecting a 2-phenylhydrazonocyclohexanone oxime of the formula:

Y
xﬁ—mé:} (I1)
Ry  HO

wherein Ry, X and Y are each as defined above to ring closure, i.e. reacting with an oxidizing agent in a
solvent at a temperature of 0 to 100° C for a period of 0.5 to 10 hours.

As the solvent, there may be used aliphatic hydrocarbons (e.g. hexane, heptane), aromatic hydrocar-
bons (e.g. benzene, toluene, xylene), halogenated hydrocarbons (e.g. chloroform, carbon tetrachloride,
dichloroethane, chlorobenzene, dichlorobenzene), ethers (e.g. dioxane, tetrahydrofuran, diethylene glycol
dimethyl ether), alcohols (e.g. ethanol, isopropanol, t-butanol, octanol, cyclohexanol, methyl cellosolve,
diethylene glycol glycerol), esters (e.g. sthyl formate, ethyl acetate, butyl acetate, diethyl carbonate), nitriles
(e.g. acetonitrile, isobutyronitrile), tertiary amines (e.g. pyridine, triethylamine, N,N-diethylaniline,
tributylamine, N-methylmorpholine), acid amides ({(e.g. formamide, N,N-dimethylformamide, acetamide),
ammonia water, and water. They may be employed alone or in combination.

Examples of the oxidizing agent are mercury oxide, lead tetraacetate, cupric salts (e.g. cupric sulfate).
The use of an aqueous solution of cupric sulfate in the presence of pyridine is particularly preferred. The
amount of the oxidizing agent may be usually from 1 to 1.5 equivalents fo the 2-phenylhydrazinocyclohex-
anone oxime (I1).
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After completion of the reaction, the reaction mixture may be subjected to post-treatment such as
extraction with an organic solvent or concentration to obtain the objective compound (I-a). If necessary,
purification by chromatography or recrystallization may be adopted.

Procedure (b)

The benzotriazole of the formula:

i
N
x@(NJO (I-b)
R0

[y

wherein Rz is a C1-Cs alkyl group, a Cs-Ca alkenyl group, a Cs-Cs alkynyl group, a dichlorocyclopropyl-
methyl group or a methyldichlorocyclopropyimethyl group and X and Y are each as defined above is
obtainable by reacting a 2-hydroxyphenyi-4,5,6,7-tetrahydro-1,2,3-benzotriazol-1-oxideof the formula:

0

v 1
PAN
) 1
AN

HO

wherein X and Y are each as defined above with a compound of the formula:

Ry=2 _ (IV)

wherein Z is a halogen atom, an alkyl-substituted phenylsulfonate group or an alkylsulfonate group and Rz
is as defined above in a solvent in the presence of a dehydrohalogenating agent at a temperature of 0 to
150°C for a period of 0.5 to 24 hours. If necessary, a phase transfer catalyst may be present in the reaction
system.

The amounts of the compound (IV), the dehydrohalogenating agent and the phase transfer catalyst may
be respectively from 1.0 to 1.5 equivalents, from 1.0 to 1.5 equivalents and from 0.01 to 0.1 equivalent to
“the compound (li).

As the solvent, there may be exemplified aromatic hydrocarbons (e.g. benzene, toluene, xylene),
ketones (e.g. acetone, methyl ethyl ketone), amides (dimethylformamide, dimethylacetamide), suifoxides
(e.g. dimethylsulfoxide), ethers (e.g. tetrahydrofuran, diethyl ether, ethylene glycol dimethyl ether), nitriles
(e.g. acetonitrile), and water. These may be used solely or in combination.

Examples of the dehydrohalogenating agent are inorganic bases (e.g. sodium carbonate, potassium
carbonate, sodium hydroxide, potassium hydroxide), organic bases (e.g. pyridine, tristhylamine, N,N-
dimethylaniline, and N,N-diethylaniline).

As the phase transfer catalyst, there may be used tetrabutylammonium bromide, tributylbenzylam-
monium chloride and triethylbenzylammonium bromide. Further, potassium iodide or a monovalent copper
salt is occassionally added as an reaction accelerator.

After completion of the reaction, the reaction mixture may be subjected to post-treatment such as
extraction with an organic solvent or concentration to obtain the objective compound (I-b). If necessary,
purification by chromatography or recrystallization may be adopted.

Practical and presently preferred embodiments for production of the benzotriazoles (1) are illustratively
shown in the followng Examples.
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Example 1 (Procedure (a))

To a solution of 2-(4-chlorophenylhydrazono)-cyclohexanone oxime (1.6 g) in a mixiure of 15 %
aqueous solution of pyridine (25 ml) and tetrahydrofuran (20 ml), a solution of cupric sulfate (CuSQO4 *5H;0)
(2.5 g) in water (10 ml) was added at room temperature, and the resultant mixture was heated under reflux
for 2 hours. After cooling, water was added to the mixture, which was then extiracted with ethyl acetate. The
exiract was washed with a saturated aqueous cupric sulfate solution and water in order, dried and
concentrated. The residue was purified by silica gel column chromatography using a mixture of n-hexane
and ethyl acetate as an eluent o give 0.2 g of 2-(4-chlorophenyl)-4,5,6,7-tetrahydro-1,2,3-benzotriazol-1-
oxide (Compound No. 1). M.P., 100 - 101" C.

Example 2 (Procedure (b))

To a mixture of 2-(4-chloro-2-fluoro-5-hydroxyphenyl)-4,5,8,7-tetrahydro-1-2,3-benzotriazol-1-oxide (1 g),
potassium carbonate (0.3 g) and dimethylformamide (5 ml), propargy! bromide (0.6 g) was added, and the
resultant mixture was stirred at 70 to 80~ C for 4 hours. After cooling, water was added to the mixture, which
was then extracted with ethyl acetate. The organic layer was washed with water, dried and concentrated.
The residue was purified by silica gel thin layer chromatography using a mixture of n-hexane and ethyl
acetate as a developing solvent to give” 0.15 g of 2-(4-chloro-2-fluoro-5-propargyloxyphenyl)-4,5,6,7-
tetrahydro-1,2,3-benzotriazol-1-oxide (Compound No. 12). M.P., 155 - 156" C.

In the same manner as above, there are produced the benzotriazoles (l), of which some typical
examples are shown in Table 1.
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Table 1
- 0
!
X ﬁ/ i{::] (1)
\N7
Compound X b4 R Physical constant
No. .
1 cl H H M.P. 100-101°C
2 c1 F B M.P. 146-146.5°C
3 cl H iso-C,H,0 M.P. 108-109°C
4 Cl H CZHSO Glassy
5 c1 F CH,0 M.P. 120-122°C
6 cl F n-C3H7d M.P. 61-61.5°C
7 c1 F iso-C4H,0 M.P. 109-109.8°C
8 c1 c1 iso~-C,HgO M.P. 100-101°C
9 ci F iso-C4H,S M.P. 89-91°C
10 Br H H M.P. 102-103°C
11 cl H HC=CCH,0 M.P. 136-137°C
12 ci F HC=CCH,0 M.P. 155-156°C
13 c1 | F HC=C-CHO _n§4 1.5668
CH3
N 24
14 c1 F H,C=CHCH,0 ng” 1.5732
15 cl F | CIn M.P. 73-74°C
C—CHCH,0
c1”\ / :
C
/\
H H
16 Cl F | Cl Glassy
G—CHCH,0
e\ /
AN
H,C

The 2-phenylhydrazonocyclohexanone oxime (Il), i.e. the starting material for production of the com-

pound (I-a), may be prepared by reacting a phenylhydrazine compound of the formula:
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Y -
XQNHNHZ $'a2
R, , '

wherein Ry, X and Y are each as defined above with a 1.0 to 1.1 equivalent amount of a cyclohexene
compound of the formula:

Q, 9
N\
HO- (VI)

wherein Qi and Q2 are, the same or different, each a lower alkyl group or, when taken together with the
nitrogen atom to which they are attached, they may form a ring containing or not an oxygen atom in a
solvent in the presence of a catalytic amount of an acid at a temperature of 0 to 100° C for a period of 0.5
to 12 hours.

As the acid, there may be used acetic acid, dilute hydrochloric acid or the like. Examples of the solvent
are methanol, ethanol, ethylene glycol monomethy! ether, ethylene glycol, etc.

Upon completion of the reaction, the reaction mixture is subjected to post-treatiment such as extraction
with an organic solvent or concentration to obtain the 2-phenylhydrazonocyclohexanone oxime (lll). If
necessary, the purification by chromatography or recrystallization may be adopted.

A typical example for production of the 2-phenylhydrazonocyclohexanone oxime (ll) is as follows:

Example 3

p-Chlorophenylhydrazine (1.42 g) was added to a mixture of N-(2-hydroxyimino-1-cyclohexenyl)-
morpholine (1.96 g) and ethanol (15 ml) containing a catalytic amount of acetic acid, and the resultant
mixture was heated under reflux for 3 hours. Afier cooling, ethanol was removed from the mixiure by
distillation under reduced pressure, and water was added thereto, followed by extraction with ethyl acetate.
The organic layer was washed with water, dried and concentrated. The residue was purified by silica gel
column chromatography using a mixture of n-hexane and ethyl acetate as an eluent o give 1.6 g of 2-(4-
chlorophenylhydrazono)cyclohexanone oxime as a red glassy material. ’

In the same manner as above, there were produced the 2-phenylhydrazonocyclohexanone oximes (i),
of which typical examples are shown in Table 2.
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Table 2
Y
X NHN
Ry HO
Compound X Y R1 Physical constant
No. 1
a cr | F CH,0 M.P. 190-191°C
b cL | F i80-C,H,0 | M.P. 156~156.5°C
c c1 F g  M.P. 187-189°C
(decomp.)

The 2-hydroxyphenyl-4,5,6,7-tetrahydro-1,2,3-benzoiriazole-1-oxide (lll) as the starting material in pro-
duction of the benzotriazoles (I-b) is obtainable by reacting a hydrazone compound of the formula:

Y
X NEN ' (VII)

: (o HO

wherein X and Y are each as deﬁned above with a 1.0 to 1.5 equivalent amount of an oxidizing agent in a
solvent at a temperature of 0 to 150 C for a period of 1.0 to 24 hours.

The solvent usable in the reaction are water, tetrahydrofuran, pyridine and ether. These may be used
solely or in combination.

Examples of the oxidizing agent are lead tetraacetate, mercury oxide and cupric salts. Among them, the
use of a cupric salt in the presence of a base such as pyridine is favorable.

Upon completion of the reaction, the reaction mixture is subjected to post-treatment such as exiraction
with an organic solvent or concentration to obtain the 2-hydroxyphenyi-4,5,6,7-tetrahydro-1,2,3-benzotriazol-
1-oxide (lll). If necessary, purification by chromatography or recrystallization may be adopted.

The hydrazone compound (VII) can be obtained by diazotization of an aniline compound of the formula:

Y

X NH (VIII)

2
H

wherein X and Y are each as defined above at a temperature of -10 to 10° C and reducing the diazotized
aniline compound at a temperature of -30 to -10° C with a reducing agent such as stannous chloride to give
a phenylhydrazine compound of the formula;
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X NHNH (IX)

HO

wherein X and Y are each as defined above. This phenylhydrazine compound (IX) is then reacted with a 1.0
to 1.1 equivalent amount of the cyclohexene compound (V1) in a solvent at a temperature of 0 to 100 C for
a period of 0.5 to 12 hours to give the hydrazone compound (VII). If necessary, a catalytic amount of an
acid may be present in the reaction.

As the acid, there may be used acetic acid, dilute hydrochloric acid or the like. Examples of the solvent
are methanol, ethanol, ethylene glycol monomethy! ether, ethylene glycol, etc.

Upon completion of the reaction, the reaction mixture is subjected to post-treatment such as extraction
with organic solvent or concentration. When desired, the reaction product may be purified by chromatog-
raphy or recrystallization to give the hydrazone compound (VII).

Some typical examples for production of the 2-hydroxyphenyl-4,5,6,7-tetrahydro-1,2,3-benzotriazol-1-
oxide (lll) are set forth below:

Example 4

4-Chloro-2-fluoro-5-hydroxyaniline (32.5 g) was added to conc. hydrochloric acid (300 mi), and a
solution of sodium nifrite (15.2 g) in water (20 ml) was added thereto at 0 to -5° C. The resultant mixture
was stirred at 0 to 5° C for 30 minutes, and urea was added thereto to remove excessive nitrite ion, followed
by cooling to -30° C. A solution of stannous chloride (92 g) in hydrochloric acid (160 ml) was added thereto,
and the mixiure was stirred at 0 to -10° C for 3 hours. The reaction mixture was filtered, and the precipitated
crystals were dissolved in waer, neutralized with sodium hydroxide and extracted with ethyl acetate. The
organic layer was washed with water, dried and concentrated. The residue was treated with ether to give 4-
chloro-2-fluoro-5-hydroxhphenylhydrazine (8.4 ¢) as crystals. The crystals were added to a solution of 2-
hydroxyiminccyclochexanone morpholinoenamine (8.35 g), ethanol (90 ml) and a catalytic amount of acetic
acid and heated under reflux for 3 hours. After cooling, ethanol was removed by evaporation, and water was
added to the residue, followed by extraction with ethyl acetate. The exiract was dried and concentrated, and
the residue was purified by silica gel chromatography using a mixture of ethyl acetate and n-hexane as an
eluent to give 2-(4-chloro-2-fluoro-5-hydroxyphenyl)hydrazonocyclohexanone oxime (8 g) as crystals. The
crystals were suspended in a mixture of tetrahydrofuran (50 ml) and 15 % pyridine-water (112 mi). A
solution of cupric sulfate (CuSOs*5H,0) (11.2 g) in water (40 ml) was added to the suspension, which was
heated under reflux for additional 2 hours. After cooling, water was added to the mixture, which was then
extracted with ethyl acetate. The organic layer was washed with an aqueous solution of cupric sulfate, dried
and concentrated. The residue was purified by silica gel chromatography using a mixture of ethyl acetate
and n-hexane as an eluent to give .2-(4-chloro-2-fluoro-5-hydroxyphenyl}-4,5,6,7-tetrahydro-1,2,3-
benzotriazol-1-oxide (4 g) as crystals. M.P., 220 - 221 * C (decomp.).

Example 5

In the same manner as in Example 4 but using 4-chloro-3-hydroxyaniline, there was produced 2-(4-
chloro-3-hydroxyphenyl)-4,5,6,7-tetranydro-1,2,3-benzotriazol-1-oxide. M.P., 189 - 191 * C (decomp.).

On the practical usage of the benzotriazole (I} as a herbicide, it may be applied in any preparation form
such as emulsifiable concentrate, wettable powder, suspension, granules, etc. in combination with a
conventional solid or liquid carrier or diluent, a surface active agent and/or an auxiliary agent.

The content of the benzotriazole () as the active ingredient in said preparation form may be usually
within a range of 0.01 to 90 % by weight, preferably of 0.05 to 80 % by weight.

Examples of the solid carrier or diluent are fine powders or granules of kaolin clay, attapulgite clay,
bentonite, terra alba, pyrophyllite, talc, diatomaceous earth, calcite, walnut powders, urea, ammonium
sulfate, or synthetic hydrated silicon dioxide. As the liquid carrier or diluent, there may be exemplified
aromatic hydrocarbons (e.g. xylene, methylnaphthalene), alcohols (e.g. isopropanol, ethylene glycol,
celosolve), ketones (e.g. acetone, cyclohexanone, isophorone), plant cils (e.g. soybean oil, cotton seed oil),
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dimethylsulfoxide, acetonitrile, and water. The surface active agent used for emulsification, dispersion or
spreading may be any of the anionic and non-ionic type of agents. Examples of the surface active agent
include alkylsulfates, alkylarylsulfonates, dialkylsulfosuccinates, phosphates of polyoxyethylenealkylaryl
ethers, polyoxyethylene alkyl ethers, polyoxyethylene alkylaryl ethers, polyoxyethylene polyoxypropylene
block copolymers, sorbitan fatty acid esters, and polyoxyethylene sorbitan fatty acid esters. Examples of
the auxiliary agents include ligninsulfonates, alginates, polyvinyl alcohol, gum arabic, CMC (carboxymethyl
cellulose), and PAP (isopropy! acid phosphate).

Practical embodiments of the herbicidal composition according to the invention are illustratively shown
in the following examples wherein parts and % are by weight. The compound number of the active
ingredient corresponds to the one in Table 1.

Formulation Example 1

Fifty parts of Compound No. § or 12, 3 parts of calcium ligninsulfonate, 2 parts of sodium laurylsulfate
and 45 parts of synthetic hydrated silicon dioxide are well mixed to obtain a wettable powder.

Formulation Example 2

Ten parts of Compound No. 1 or 13, 14 parts of polyoxyethylenestyrylphenyl ether, 6 parts of calcium
dodecylbenzenesulfonate and 70 parts of cyclohexanone are well mixed to obtain an emuisifiable con-
cenirate.

Formulation Example 3

Two parts of Compound No. 8 or 14, 1 part of synthetic hydrated silicon dioxide, 2 parts of calcium
ligninsulfonate, 30 parts of bentonite and 65 parts of kaolin clay are well mixed. The mixture is then
kneaded with water, granulated and dried to obtain granules.

Formulation Example 4

Twenty-five parts of Compound No. 9 or 12 is mixed with 3 parts of polyoxyethylene sorbitan
monooleate, 3 parts of CMC (carboxymethyl cellulose) and 69 parts of water, and the mixture is pulverized
until the particle size of the mixture becomes less than 5 microns to obtain a suspension.

The benzotriazoles (I) thus formulated in any suitable formulation form are useful for the pre-emergence
or post-emergence control of undesired weeds by soil or foliar treatment as well as flood fallowing
treatment. These treatments include the application to the soil surface prior to or after the transplanting or
the incorporation into the soil. The foliar treatment may be effected by spraying the herbicidal composition
containing the benzotriazoles (I} over the top of plants. It may also be applied directly to weeds with care so
as to keep the chemical off the crop foliage.

The benzoiriazoles (I) of the invention may be used together with other herbicides to improve their
activity as herbicides, and in some cases, a synergistic effect can be expected. Further, they may be
applied in combination with insecticides, acaricides, nematocides, fungicides, plant growth regulators,
fertilizers, soil improvers, etc.

Besides, the benzotriazoles (I) can be used as herbicides applicable to agricultural plowed field as well
as paddy field. They are also useful as herbicides to be employed for orchard, pasture land, forest, non-
agricultural field, etc.

The dosage rate of the benzotriazoles (I} may vary on prevailing weather conditions, preparation used,
prevailing season, mode of application, soil involved, crop and weed species, etc. Generally, however, the
dosage rate may be from 0.05 to 80 grams, preferably from 0.1 to 40 grams, of the active ingredient per
are. The herbicidal composition of the present invention prepared in the form of an emulsifiable concentrate,
a wettable powder or a suspension may ordinarily be employed by diluting it with water at a volume of 1 to
10 liters per are, if necessary, with addition of an auxiliary agent such as a spreading agent. Examples of
the spreading agent include, in addition to the surface active agents as stated above, polyoxyethylene resin
acid (ester), ligninsulfonate, abietylenic acid salt, dinaphthylmethanedisulfonate paraffin, etc. The composi-
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tion prepared in the form of granules may be normally applied as such without dilution.

The biological effect of the benzotriazoles () as herbicides will be illustratively shown in the following
Examples wherein the phytotoxicity to crop plants and the herbicidal activity on weeds were observed
visually as to the degree of germination as well as the growth inhibition and rated with an index 0, 1, 2, 3, 4
or 5, in which the numeral "0" indicates that no material difference is seen in comparison with the unireated
plant and the numeral "5" indicates the complete inhibition or death of the test plants.

The compounds shown in Table 3 below were used for comparison.

Table 3
Compound
No. Chemical structure Remarks
A 1 Commercially
available
cl 04<::>FN02 herbicide;
*nitrofen"
B Cl Commercially
available
cl o-{___}-no2 . herbicide;
* "chlornitrofen"
1l

c Cl COOCH3 Commercially
available
CIGOGNOZ herbicide;
"bifenox"

D Cl COONa Commercially
available
F3C 0 NO2 herbicide;
' ' ' "acifluorfen"

Test Example 1

Cylindrical plastic pots (diameter, 10 cm; height, 10 cm) were filled with upland field soil, and the seeds
of Japanese millet, common oat, tall morningglory and velvetleaf were sowed therein and covered with soil.
A designed amount of the test compound formulated into a wettable powder according to Formuiation
Example 1 was diluted with water, and the dilution was sprayed onto the soil surface by means of a small
hand sprayer at a spray volume of 10 liters per are. Thereafter, the test plants were grown in a greenhouse
for 20 days, and the herbicidal activity was examined. The resuits are shown in Table 4.
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Table 4
Compound Dosage Herbicidal activity
No. (g/are)
Japanese | Common | Tall Velvet-
millet oat morning~ | leaf
glory

1 40 5 5 3 5
10 4 2 1 5

2 40 . 5 5 5 5
10 5 S 5 5

3 40 5 5 5 5
10 5 5 5 5

4 40 5 5 5 5
10 5 5 5 5

5 40 5 5 5 5
10 5 5 5 5

6 40 5 5 5 S
10 5 5 5 5

7 40 5 5 5 5
10 "5 5 5 5

8 40 5 5 5 5
10 5 5 5 5

9 40 5 5 5 5
i0 5 5 5 5

10 40 5 5 3 5
10 4 2 1 5

15 40 S S 5 5
16 40 5 5 5 S
10 5 5 4 5

A 40 5 S 3 5
10 3 3 1 3

B 40 4 4 3 5
10 2 2 1 3

c 40 4 4 4 S
i0 3 3 3 3

Test Example 2

Cylindrical plastic pots (diameter; 10 cm; height, 10 cm) were filled with upland field soil, and the seeds
of Japanese millet, common oat, garden radish and velvetleaf were sowed thersin and cultivated in a
greenhouse for 10 days. A designed amount of the test compound formulated into an emulsifiable
concentrate according to Formulation Example 2 was diluted with water containing a spreading agent, and
the dilution was sprayed onto the foliage of the test plant by means of a small hand sprayer at a spray
volume of 10 liters per are. Thereafter, the test plants were further grown in the greenhouse for 20 days,
and the herbicidal activity was examined. The results are shown in Table 5.
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Table 5
Compound Dosage Herbicidal activity
No. (g/are)
Japanese Common Garden Velvet~
millet oat radish leaf
1 20 S 3 5 5
5 4 3 4 5
2 20 5 5 5 5
5 5 5 5 5
3 20 5 5 5 5
5 5 5 5 5
4 20 5 5 5 5
5 5 5 5 5
5 20 5 5 S 5
5 5 4 5 5
6 20 ) 5 S 5
5 5 5 5 5
7 20 5 5 5 5
5 5 5 5 5
8 20 5 5 5 5
5 5 5 5 5
9 20 5 5 5 5
5 5 5 5 5
10 20 5 4 5 5
5 4 3 4 5
15 20 5 4 S 5
16 20 5 5 'S 5
5 4 4 S 5
A 20 5 4 0 5
5 3 2 0 3
B 20 5 2 3 5
5 3 0 0 3
o 20 5 3 5 5
5 2 3 5 5

Test Example §

Vats (33 cm x 23 cm x 11 cm) were filled with upland field soil, and the seeds of tall morningglory,
cocklebur, velvetleaf, sicklepod, johnsongrass and Japanese millet as well as the seeds of wheat, sugarbeet,
corn, cotton and soybean were sowed therein at a depth of 1 o 2 cm. A designed amount of the test
compound formulated into a wettable powder according to Formulation Example 1 was diluted with water,
and the dilution was sprayed to the soil surface by means of a small hand sprayer at a spray volume of 10
liters per are. Thereafter, the test plants were grown in a greenhouse for 20 days, and the herbicidal activity
was examined. The results are shown in Table 6.
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Test Example i

Vats (33 cm x 23 cm x 11 cm) were filled with upland field soil, and the seeds of soybean, cotton,
sugarbeet, corn and wheat as well as the seeds of tall morningglory, cocklebur, velvetleaf, sicklepod,
Japanese millet, johnsongrass and green foxtail were sowed therein at a depth of 1 to 2 cm. A designed
amount of the test compound formulated into an emulsifiable concentrate according to Formulation Example
2 was diluted with water, and the dilution was sprayed to the soil surface by means of a small hand sprayer
at a spray volume of 10 liters per are. Thereaifter, the test plants were grown in a greenhouse for 20 days,
and the herbicidal activity was examined. The results are shown in Table 7.
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Test Example 5

Vats (33 cm x 23 cm x 11 cm) were filled with upland field soil, and the seeds of tall morningglory,
cocklebur, velvetleaf, sicklepod, black nightshade and Japanese millet as well as the seeds of wheat,
sugarbeet, corn, cotion and soybean were sowed therein and cultivated for 18 days. A designed amount of
the test compound formulated info an emulsifiable concentrate according to Formulation Example 2 was
diluted with water containing a spreading agent, and the dilution was sprayed onto the foliage of the test
plants by means of a small hand sprayer at a spray volume of 5 liters per are. At the time of the application,
the growing stage of the test plants varied depending on their species, but they were generally at the 1 to 4
leaf stage and in a height of 2 to 12 cm. The test plants were further grown in a greenhouse for 20 days,
and the herbicidal activity was examined. The results are shown in Table 8.
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Vats (33 cm x 23 cm x 11 cm) were filled with upland field soil, and the seeds of soybean, cotton,
sugarbeet, corn and wheat as well as the seeds of tall morningglory, cocklebur, velvetleaf, sicklepod,
redroot pigweed, Japanese millet and johnsongrass were sowed therein and cultivated for 18 days in a
greenhouse. A designed amount of the test compound formulated into an emulsifiable concentrate
according to Formulation Example 2 was diluted with water containing a spreading agent, and the dilution
was sprayed onto the foliage of the test plants by means of a small hand sprayer at a spray volume of 5
liters per are. At the time of the application, the growing stage of the test plants varied depending on their
species, but they were generally at the 1 to 4 leaf stage and in a height of 2 to 12 cm. The test plants were
further grown in the greenhouse for 20 days, and the herbicidal activity was examined. The results are
shown in Table 8.
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Cylindrical plastic pots (diameter, 8 cm; height, 12 cm) were filled with paddy field soil, and the seeds
of barnyardgrass, broad-leaved weeds (i.e. common falsepimpernel, toothcup, waterwort) and hardstem
bulrush were sowed therein at a depth of 1 to 2 cm. After flooding the pots with water, the buds of
arrowhead were buried in 1 to 2 cm depth, and rice seedlings at the 2-leaf stage were transplanted therein.
Cultivation was carried out in a greenhouse. Six days thereafter, a designed amount of the test compound
formulated into an emulsifiable concentrate according to Formulation Example 2 was diluted with water (5
ml), and the dilution was applied to the pots by perfusion. The test planis were grown for further 20 days in
the greenhouse, and the herbicidal activity was examined. The results are shown in Table 10.

Table 10

Compound | Dosage Herbicidal activity
No. (g/are)

Barn- | Hardstem | Arrow- .| Broad~ | Rice
yard- | bulrush |head leaved | plant
grass ] weed
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Test Example 8

Wagner's pots (1/5000 are) were filled with paddy field soil, and the seeds of barnyardgrass, broad-
leaved weeds (i.e. common falsepimpernel, toothcup, waterwort) and hardstem bulrush were sowed therein
and also the buds of arrowhead tided over the winter were buried in 1 to 2 cm depth. Water was poured
therein to make a flooded condition. Rice seedlings at the 3-leaf stage were transplanted to the pots.
Cultivation was carried out in a greenhouse. After three days, a designed amount of the test compound
formulated into an emulsifiable concentrate according to Formulation Example 2 was diluted with water (10
mi), and the dilution was applied to the pots by perfusion, followed by addition of water thereto o make a 4
cm depth. The test plants were grown for further 20 days in the greenhouse, and the herbicidal activity was
examined. For two days from the application, water was leaked with a 3 cm depth per day. The results are
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shown in Table 11.

Table 11
Compound | Dosage Herbicidal activity
No. (g/are)
Rice |Barn- |Broad- |Hardstem | Arrow-
plant |yard- |leaved |bulrush | head
grass |weed
11 0.4 1 5 5 4 4
0.1 0 5 5 3 2
12 0.04 0 5 5 4 -
0.01 0 5 5 4 -
13 0.04 0 5 5 4 2
0.01 0 4 5 3 -
14 0.16 - 5 5 5 4
1 0.04 0 4 5 5 3
15 1.25 0 5 5 5 5
0.32 0 5 5 5 5
0.08 0 5 5 5 4
16 1.25 0 5 5 5 4
0.32 0 5 5 5 4
0.08 0 5 5 - -
B 5 0 2 4 - 2
2.5 0 0 1 - 1
Claims
1. A compound of the formula (1)
0

xl/\(N\ ()

wherein R is a hydrogen atom, a C1-Cs alkoxy group, a Cs-Cs alkenyloxy group, a Cs-Cs alkynyloxy
group, a GCi-Cs alkylthio group, a  dichiorocyclopropylmethoxy group or a
methyidichlorocyclopropyimethoxy group, X is a chlorine atom or a bromine atom and Y is a hydrogen
atom, a fluorine atom or a chlorine atom.

The compound according to claim 1, wherein R is a C1-Cs alkoxy group, a C3-C4 alkenyloxy group or a
Cs-Cq alkynyloxy group, X is a chlorine atom or a bromine atom and Y is a hydrogen atom or a fluorine
atom.

The compound according to claim 1, which is 2-(4-chioro-2-fluoro-5-methoxyphenyl)-4,5,6,7-tetrahydro-

1,2,3-benzotriazol-1-oxide.
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The compound according to claim 1, which is 2-(4-chloro-2-fluoro-5-propargyloxyphenyi)-4,5,6,7-
tetrahydro-1,2,3-benzotriazol-1-oxids.

The compound according to claim 1, which is 2;(4-chloro—2—ﬂuoro-5-alIyloxyphenyl)-4,5,6,7—tetrahydro-
1,2,3-benzotriazol-1-oxide.

A process for producing a compound of the formula (I-a)

Y
VRS

8 (T-a)

? Z—> 0

X
R
wherein Ry is a hydrogen atom, a Cy-Cs alkoxy group or a C;-C. alkyithio group, X is a chlorine atom

or a bromine atom and Y is a hydrogen atom, a fluorine atom or a chlorine atom, which comprises
reacting a compound of the formula (II)

Y
X¢NHN=§:> (L)
R, HON

wherein Ry, X and Y are each as defined above with an oxidizing agent.

A process for producing a compound of the formula (I-b)

. 2N BN
IO G

wherein Rz is a C¢1-C¢ alkyl group, a C3-Cs alkenyl group, a C3-Cs alkyny! group, a dich-
lorocyclopropylmethyl group or a methyldichlorocyclopropylmethyl group, X is a chlorine atom or a
bromine atom and Y is a hydrogen atom, a fluorine atom or a chlorine atom, which comprises reacting
a compound of the formula (ll1)

o}
v 7
/NS
YA ()
N
H
wherein X and Y are each as defined above with a compound of the formula:

RZ—Z (IV)

wherein Z is a halogen atom, an alkyl-substituted phenylsulfonate group or an alkylsulfonate group and
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Rz is as defined above.

A herbicidal composition which comprises as an active ingredient a herbicidally effective amount of the
compound according to claim 1, and an inert carrier or diluent.

A method for controlling weeds which comprises applying a herbicidally effective amount of the
compound according to claim 1 to the area where the weeds grow or will grow.

The method according to claim 9, wherein the area is a soybean field or a rice plant field.

A compound of the formula (ll)

Y
X NHN (X)

R HON

1

wherein Ry is a hydrogen atom, a C1-Cq alkoxy group or a Ci-Cs alkylthio group, X is a chlorine atom
or a bromine atom and Y is a hydrogen atom, a fluorine atom or a chiorine atom.

A compound of the formula ([l

wherein X is a chlorine atom or a bromine atom and Y is a hydrogen atom, a fluorine atom or a chlorine
atom.

Revendications

1.

Un composé de formule (l)

0
RN

xp(‘:@ 2%
— N

dans laquelle R est un atome d'hydrogéne, un groupe C1-Cs alcoxy, un groupe Cs-Ca alcényloxy, un
groupe Cs-Ca alcynyloxy, un groupe C1-Cs alkylthio, un groupe dichlorocyclopropyiméthoxy ou un
groupe méthyldichlorocyclopropylméthoxy, X est un atome de chlore ou un atome de brome et Y est
un atome d’hydrogéne, un atome de fluor ou un atome de chiore.

Le composé selon la revendication 1, selon lequel R est un groupe C;-Cs alcoxy, un groupe C3-Ce
alcényloxy ou un groupe Cs-Cs alcynyloxy, X est un atome de chlore ou un atome de brome et Y est
un atome d'hydrogéne ou un atome de fluor.

Le composé selon la revendication 1 qui est le 2-(4-chloro-2-fluoro-5-méthoxyphényl)-4,5,6,7-
tétrahydro-1,2,3-benzotriazole-1-oxyde.
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Le composé selon la revendication 1 qui est le 2-(4-chloro-2-fluoro-5-propargyloxyphényi)-4,5,6,7-
tétrahydro-1,2,3-benzotriazole-1-oxyde.

Le composé selon la revendication 1 qui est le 2-(4-chloro-2-fluoro-5-allyloxyphényl)-4,5,6,7-tétranydro-
1,2,3-benzotriazole-1-oxyde.

Un procédé de production d'un composé de formule (I-a)

rY¥

N

dans laquelle Ry est un atome d'hydrogene, un groupe C1-Cs alcoxy ou un groupe Cy-Cq alkylthio, X
est un atome de chlore ou un atome de brome et Y est un atome d,hydrogéne, un atome de fluor ou
un atome de chlore, qui comprend la réaction d'un composé de formule (Il

¥
X E; j,>’ NHN 5 > (1D
Ry HON

dans laquelle Ry, X et Y sont comme définis ci-dessus avec un agent oxydant.

-—)O

Un procédé de production d'un composé de formule (I-b)

Q

/I;
X t( D (1-b)
\N/

dans laquelle Rz est un groupe C1-Cs alkyl, un groupe Cs-Cs alcényl, un groupe Cs3-Ce alcynyl, un
groupe dichlorocyclopropylméthyl, ou un groupe méthyldichlorocyclopropylméthyl, X est un atome de
chlore ou un atome de brome et Y est un atome d'hydrogéne, un atome de fluor ou un atome de
chlore, qui comprend la réaction d'un composé de formule (lil)

o)
1
WA N/w (Iin
=/ N\

dans laquelle X et Y sont comme définis ci-dessus avec un composé de formule:
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R_=7 (v

dans laquelle Z est un atome d'halogéne, un groupe phénylsulfonate & substitution alkyle ou un groupe
alkylsulfonate et R, est comme défini ci-dessus.

8. Une composition herbicide qui comprend comme ingrédient actif une quantité herbicide du composé
selon la revendication 1 et un support ou diluant inerte.

9. Une méthode de contrdle des mauvaises herbes qui comprend I'application d'une quantité herbicide du
composé selon la revendication 1 sur la surface ol poussent les mauvaises herbes ou bien pousseront
les mauvaises herbes.

10. La méthode selon la revendication 9, selon laquelle la surface est un champ de soja nu une riziére.

11. Un composé de formule (II)

Y
/
X NEN
(1D

Rl HON
dans laquelle R est un atome d'hydrogéne, un groupe C1-Cs alcoxy ou un groupe Ci-Cs alkylthio, X
est un aiome de chlore ou un atome de brome, et Y est un atome d'hydrogéne, un atome de fluor ou
un atome de chlore.

12. Un composé de formule (Ill)

0
¥ 1
X § " (11D
ANY~
B
dans laquelle X est un atome de chlore ou un atome de brome et Y est un atome d'hydrogéne, un
atome de fluor ou un atome de chlore.
Anspriiche
1. Verbindung der Formel (I)

0]
vy 1

in der R ein Wasserstoffatom, ein C1-C4-Alkoxyrest, ein C3-Cq-Alkenyloxyrest, ein C3-Cq-Alkinyloxyrest,
ein C1-Cq-Alkylthiorest, sine Dichlorcyclopropylmethoxygruppe oder eine Methyldichlorcyclopropylme-
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thoxygruppe ist, X ein Chlor- oder Bromatom ist und Y ein Wasserstoff-, Fluor- oder Chloratom ist.

2. Verbindung nach Anspruch 1 in der R ein Cy-C4-Alkoxyrest, ein Cs-Cs-Alkenyloxyrest oder ein Cz-Cs-
Alkinyloxyrest ist, X ein Chlor- oder Bromatom ist und Y ein Wasserstoff- oder Fluoratom ist.

3. Verbindung nach Anspruch 1, nimlich 2-(4-Chlor-2-fluor-5-methoxyphenyl)-4,5,6,7-tetrahydro-1,2,3-
benzotriazol-1-oxid.

4. Verbindung nach Anspruch 1, nimlich 2-(4-Chlor-2-fluor-5-propargyloxyphenyl)-4,5,6,7-tetrahydro-1,2,3-
benzotriazol-1-oxid.

5. Verbindung nach Anspruch 1, ndmlich 2-(4-Chlor-2-fluor-5-allyloxyphenyl)-4,5,6,7-tetrahydro-1,2,3-
benzotriazol-1-oxid.

6. Verfahren zur Herstellung einer Verbindung der Formel (I-a)

Y
</
=/ N\

R

1

(I-a)

< z_;
gj/ O

in der Ry ein Wasserstoffatom, ein C1-Cs-Alkoxyrest oder ein Cq-Cs-Alkylthiorest ist, X ein Chlor- oder
Bromatom ist und Y ein Wasserstoff-, Fluor- oder Chloratom ist, das die Umsetzung einer Verbindung
der Formel (If)

(IT)

R, HON

in der Ry, X und Y jeweils wie vorstehend definiert sind, mit einem Oxidationsmittel umfaft.

7. Verfahren zur Herstellung einer Verbindung der Formel (I-b)

Y 4
IO
NN~

in der Rz ein C1-Cq-Alkylrest, ein Cz-Co-Alkenylrest, ein Cs-Cq-Alkinylrest, eine Dichlorcyclopropylme-
thylgruppe oder sine Methyldichlorcyclopropylmethylgruppe ist, X ein Chior- oder Bromatom ist und Y
ein Wasserstoff-,Fluor- oder Chloratom ist, das die Umsetzung einer Verbindung der Formel (lll)
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(III)

Z—>»0
?5

e
X N
N

in der X und Y jeweils wie vorstehend definiert sind, mit einer Verbindung der Formel

R,-Z (Iv)

in der Z ein Halogenatom, ein Alkyl-substituierter Phenylsulfonatrest oder ein Alkylsulfonatrest ist und
Rz wie vorstehend definiert ist, umfagt.

8. Herbizides Mittel, das als Wirkstoff eine herbizid wirksame Menge der Verbindung nach Anspruch 1
und einen inerten Trger oder Verdiinnungsmittel umfapt.

9. Verfahren zur Unkrautbekdmpfung, das die Anwendung siner herbizid wirksamen Menge der Verbin-
dung nach Anspruch 1 auf einer Fliche, wo Unkraut wichst oder wachsen wird, umfagt.

10. Verfahren nach Anspruch 9, in dem die Fldche ein Sojabohnen-oder Reispflanzenfeld ist.

11. Verbindung der Formel ({l)

Y
X NEN (IT)
Rl HON
in der Ry ein Wasserstoffatom, ein C1-Cy-Alkoxyrest oder ein Gy-Cq-Alkylthiorest ist, X ein Chlor- oder
Bromatom ist und Y ein Wasserstoff-, Fluor- oder Chloratom ist.

12. Verbindung der Formel (ll1)
ke
L)
N/N\ (III)
=

in der X ein Chlor- oder Bromatom ist und Y ein Wasserstoff-, Fluor- oder Chloratom ist.
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